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Status of Ceratitis capitata in Hawaii following the Introduction
of Dacus dorsalis and its Parasites
By HENRY A. BESSI, S
ENTOMOLOGIST, UNIVERSITY OF HAWAII, COLLEGE OF A RICULTURE,
AGRICULTURAL EXPERIMENT STATION
(Presidential address, presented at the meeting of December 1952)
Immediately following the discovery in 1946 of the riental fruit fly,
Dacus dorsalIS Hendel, in Hawaii and its subsequent apid increase to
epidemic levels, the Mediterranean fruit fly, Cerat,t,s apitata (Wiede-
mann), became extremely scarce at lower elevations were it had been
a pest for more than three decades. Even though C. c pitata is seldom
found in the more tropical lowland areas, it is still a f midable pest of
peaches and persimmons which are grown in more te perate areas at
higher elevations. However, since the egg-larval parasite Opius oophilus
Fullaway, became firmly established, there has also bee an appreciable
reduction in the infestation in these areas.
The present study was made to determine the occur ence of, and in-
festation by C. capilata and D. dorsalis in the various e logical zones in
Hawaii. There was hope that eventually there would b an opportunity
to make a more intensive study designed to attempt to explain why C.
capilala was replaced by D. dorsalis in the more tropic I lowland areas.
Methods
The procedure followed in this study was to collect eriodically host
fruits from localities at elevations between sea level and bout 5,000 feet,
and subsequently recover the flies and parasites from t e' fruits as they
emerged in the insectary. Most of the detailed data pr sented were ob-
tained from fruits collected in four general areas: on M ui, in the Kula
area at elevations between 2,000 and 4,000 feet; on Ha aii, in the Kona
area between 700 and 2,500 feet, the Volcano area he ween 4,000 and
5,300 feet, and the Waikii area at approximately 4 800 feet. How-
ever, collections were obtained occasionally from widel scattered areas
throughout the islands where fr\lits and C. capilala cou he found.
Peaches (Prunus persica [L.) Batsch.), coffee (Co ea arabica L.),
Jerusalem cherries (Solanum pseudocapsicum L.) ,guava (Psidium Gua-
java L.), and loquats (Eriobotrya japonica [Thunb.) indl.), were the
principal fruits collected. Special collections of guavas ere made near
the upper occurence of guavas where C. capilala was fo nd still to occur
in guavas, even though usually in small numbers.
lPublished with the appro,'a! of the Director of the Hawaii Agricultural xpe:riment Station as
Technical Paper No. 281.
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Soon after collection, the samples of mature fruits were shipped to
Honolulu via air, and held in an insectary on the University campus.
The fruits were first counted and weighed and then (except guavas)
placed on 14-inch wire screen in 5-quart jars with a layer of sand into
which the maggots entered on leaving the fruits. Guavas, on ti,e other
hand, were usually dissected and the maggots transferred to a papaya-yeast
medium for development, as in the procedure followed in the more ex-
tensive studies on the establishment, spread, and build-up of the parasites
imported to combat D. dorsalis. After emergence was complete, the num-
ber and sex of the flies and parasites were determined and the number of
unemerged puparia recorded.
From the data obtained from the fruit samples an index of the total
infestation or abundance of C. ca.pitata and D. dorsalis was computed by
two methods: one on the basis of the number of puparia per fruit, and
the other on the basis of the number of emerged flies per fruit. Since
the maggots and puparia of C. capilata and D. dorsallS are extremely
difficult to distinguish apart, no attempt was made to determine the
number of puparia of each. The index of abundance or infestation
based on the number of emerged adults is considerably lower than that
based of puparia, since parasitization alone often exceeded 50 per cent.
However, it was useful for comparing the abundance of C. capitata with
D. dorsalis in these fruit samples, and also the abundance of C. capitala
in recent years with its abundance many years ago.
Stalus of Ceralitis capitala
The infeslation by C. capilala in Hawaii has changed tremendously in
the past 40 years. Within a year after C. capitala was first found in Hono-
lulu in 1910 it became such a serious pest that widespread concern was
aroused. A vigorous clean-up campaign was waged for three years, but
in spite of it, the fly rapidly spread to the outer islands and became well
established throughout the Territory. Since the fly thrived and spread
even though an attempt was made to dispose promptly of all surplus fruits
before, or as soon as, they ripened, its increase might be classed as being
of an epidemic nature. However, there are no infestation or population
data for this period available for comparison with those for subsequent
years after the fly had reached a more stable and probably lower popula-
tion level.
From 1916 to 1933 C. ca.pitala was a serious pest (Willard and Mason,
(937). It has continued to cause damage at the higher elevations, but
since 1947 it has rarely been seen at lower elevations.
Infestation in fruits' that contained Dacus dorsalis.
The reduction in abundance of C. cO-pitata at lower elevations follow-
in?; the introduction of D. dorsalis caused speculation as to the possible
detrimental effects of D. dorsalis on C. capitala. Subsequently, studies
were made to determine whether the larvae of D. dorsalis had an adverse
effect on C. cllpilala larvae when they occurred together in individual
fruits. .
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During the period between June 9 and August 4, 19 9, data on emer·
gence were obtained from ten or more individual pea hes lrom 13 dif·
ferent collections. Of these individual fruits, 244 produ ed flies. Ninety-
four of the fruits produced C. capitata alone, 79 D. d rsalis alone, and
71 produced both species. A total of 539 adults emer ed from the 94
fruits that produced only C. capitata, 1,006 adults erne ged from the 79
fruits that produced only D. dorsalis, and 467 C. capita adults and 415
D. dorsalis adults emerged from the 71 fruits that produ ed both species.
It is evident from these data, and those obtained from mechanically in-
fested fruits in the insectary, that both species develo ed together suc·
cessfully and in good numbers.
There were nine of the above 13 collections in whicl there were one
or more fruits that produced C. capitata alone and also a e or more fruits
that produced both C. capitata and D. dorsalis. Th number of C.
capitata that emerged from fruits that produced only this species was
not appreciably different from the emergence from fru ts that also pro·
duced D. dorsalis (table I) .
Table 1. Comparison of the emergence of C. capitala from indi idual peaches that
produced both C. capitola and D. Dorsalis with that f m those that pro-
duced only C. capitala. Maui, 1949.
C. capitata when D. dorsalis was present capitata only
No. of No. of
Date No. of No. of Ccr. cap. No. No.of C.C.
collected fruiu eer. cap. per fruit froits C. c. per fruit
June 9 . .............._--_..... ........ 20 140 7.0 5 24 4.8
June 9 .....................-. ......... 20 95 4.8 8 44 5.5
June 30 ................................ 4 8 2.0 4 12 3.0
July 12 1 I 1.0 3 8 2.7
July 12 3 II 3.7 1 2 2.0
July 15 4 32 8.0 19 U3 5.9
August 3 7 44 6.3 4 58 14.5
August 4 ..... 3 26 8.7 3 19 6.3
August 4 7 108 15.4 2 15 7.5
Total .................................. 69 465 6.3 49 295 5.8
These data indicate that the number of C. capitata roduced in the
individual fruits was not reduced by D. dorsalis. A sin ilar comparison
between the emergence of D. dorsalis from fruits that p oduced only D.
dorsalis and those that produced both species indicate hat C. capitata
did not affect adversely the production of D. dorsalis.
Infestation at different elevations.
As mentioned before, subsequent to the arrival of D. dorsalis, C.
capitata became scarce at the lower elevations and has never recovered
to any appreciable extent. To obtain information on th relative abund-
ance of the two species at different elevations, special col ections of fruits
were made from time to time during the past four yea to supplement
the information being obtained from the numerous g~ava collections
made throughout the islands in conjunction with the s udies of the es·
tablishment, spread. and build-up of the various para ites introduced
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to combat D. dorsalis. The more intensive of these collections were of
peaches on Maui and of coffee berries in Kona, Hawaii, and these were
supplemented with collections of loquats, Jerusalem cherries, and special
collections of guavas.
Peaches. From June'9 to October 5,1949,70 collections of peaches were
made at different elevations on Maui, shipped to Honolulu via air, and
held in the insectary for frui t fly emergence. These collection's produced
a good deal of data on the infestation by and relative abundance of the
two flies at these different elevations (table 2) .
Table 2. Summary of data obtained from 70 collections of peaches from Maui. June
9·O<;tober 5. 1949.
Emergence %
Elev. No. No. No. Opius Cer.
Date range coil. fruits puparia Cer. Dacus spp. cap.
6/14 800 I 24 842 2 804 0 0.2
6/9- 7/12 2,200·2,500 7 291 2,949 374 1,843 247 23.5
6/30- 8/22 2,500·2,800 II 365 6,522 2,117 2,942 510 39.8
6/30- 8/17 2,800-3,100 18 647 5.116 1,889 1,494 223 53.5
7/12-10/ 5 3,100-3,400 23 798 8,879 5,800 930 366 87.6
6/30- 8/17 3,400-3,700 7 222 1.256 565 75 18 85.1
7/25-10/ 5 3,7004.000 3 54 247 159 8 21 98.0
Total 70 2,401 25,811 10,906 8,096 1,385 55.4
Total fties-19,002
Total emergence-20,3B?
The infestation based on the number of puparia of both flies per fruit
decreased as the elevation increased (figure I).
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Figure 1. Infestation by C. capitata and D. dorsalis in peaches at differe"nt elevations
on Maui, 1949.
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As stated earlier, since the puparia of the two spe ies could not be
readily differentiated, it was necessary to use the num er of adults that
emerged, rather than the number of puparia produce , to estimate the
infestation by each of the flies in the various collections. These emergence
data indicated the average infestation by C. capitata as around 3 to 8
adults per fruit above 2,500 feet elevation, while only 2 adults emerged
from the 24 fruits collected at the 800 foot elevation.
Coffee. Coffee is grown commercially in Kona, Haw ii, from an eleva-
tion of approximately 700 feet to slightly above 2,500 eet. Above 1,000
feet ripe coffee berries can be found throughout the ear, even though
they are more abundant in the fall. Collections of 300 ripe berries each
have been made each month since August of 1949 on tw plantations, one
at 2,300 feet and the other at 1,200 feet and in a third plantation at 700
feet in the months when ripe berries were available. D ring this period,
infestation data were obtained from a total of 105 col ections composed
of over 30,000 coffee berries. The combined infestatio by both flies is
shown graphically in figure 2.
Miscellaneous fruits. Many collections of Jerusalem cherries, loquats,
and guavas were made in certain areas throughout the islands to obtain
additional information on the occurrence of C. capit ta and its inter-
relations with D. dorsalis. In addition a few collectio s of other fruits,
such as apricots (Prunus armeniaca L.), plums (P1"UlIu. sp.), persimmons
(Diospyros kaki L.f.), and English walnuts (luglans gia L.) were ob-
tained from which fruit flies were reared.
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Figure 2. Infestation by C. capitata and D. dorsalis in coffee fr m three plantations
at different elevations in Kona, Hawaii, August 1949 to ecembet 1952.
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Several collections of Jerusalem cherries were made from time to time
along the Mauna Loa truck trail at elevations from 4,000 to 5,300 feet
and at Waikii on the "Saddle Road" at an elevation of about 4,800 feet.
There were a good number of C. capitata reared from both areas and
along the Mauna Loa truck trail, the infestation in Jerusalem cherries
decreased with elevation, as occurred in peaches on Maui.
Guavas collected from the higher elevations at which they are found
on Maui, Hawaii, Molokai, Kauai, and Oahu produced a number of
adults of C. capitata, while those collected at lower elevations seldom
produced a single individual of this species. Guavas collected at eleva-
tions between 1,000 and 2,000 feet on Molokai and Lanai usually pro-
duced several C. capitata (table 3) . Likewise, this fly commonly occurred
in the guavas collected in the Kula-Ulupalakua area on Maui between
2,000 and 3,000 feet elevation and the Kona area of Hawaii between
1,500 and 2,500 feet.
Table 3. Summary of data obtained from collections of guavas from Lanai and Molokai
in 1950, 1951, and 1952.
Ema;rgence
No. puparia Optus
Date No. coil. No. puparia per fruit C. cal'. D. Mr. spp.
LANAI
2·22·50 3 412 8.3 6 336 49
11·26·50 12 1,178 8.5 95 677 284
10-23-51 49 1.1 4 4 29
10· 3-52 221 1.8 69 61 64
Mm:OKAI
2·21·50 575 9.6 183 351 18
11·26-50 346 3.4 33 142 73
3·28-51 349 4.0 29 147 112
10·22-51 299 3.9 0 75 212
9-23·52 103 1.3 10" 11 47
Infestation at different seasons.
There is considerable evidence from both infestation data and the
occurrence of adults in the field that C. capitata tends to increase during
the late winter and spring months at the lower elevations where it occurs.
The data from coffee berries indicate that the infestation by C. capitata
was lower from September to December than at other seasons. This period
of lower infestation coincides with the period in which probably 75 per
cent of the coffee berries are harvested at elevations below 1,600 feet but
it does not coincide with the peak harvest at the 2,300 foot elevation
which occurs during February, March, am!- April.
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have been in-
oUected. There
tions.
Infestation by Dacus dorsalis.
The data obtained from the studies on C. capitata ha e revealed much
about the status of D. dorsalis at higher elevations. Sin D. dm'salis has
been suspected of affecting C. capitata adversely, it is con idered pertinent
to present some of the information obtained about D. dorsalis at these
higher eleva tions.
From the peach collections made on Maui in 1949 i was found that
several adults of D. dorsalis emerged per fruit from t e collections at
the lower elevations and that many of the collections bove 3,100 feet
failed to produce a single D. dm'salis adult. At elevari ns below 2,800
feet it caused considerable infestation but was scarce bove 3,500 feet.
The data obtained from the coffee collected at the th ee different ele-
vations (700, 1,200, and 2,300 feet) revealed that D. dors lis was far more
abundant in the collections from the 700 foot station th n in those from
the 2,300 foot station.
Similar trends in infestation associated with elevatio
dicated from the data obtained from the various fruits
is no question that D. dorsalis is scarce at the higher ele
Ratio of Ceratitis capitata to Dacus dorsalis.
Many data are available which indicate that the ratio f C, capitata to
D. dorsalis increased with elevation.
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Figure 3. Relationship between C. capitala and D. d"orsalis in p aches at different
elevations on Maui, 1949.
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In the peach samples collected on Maui in 1949 there was a pronounced
increase in the ratio of C. capitata to D. dorsalis with elevation as is
shown in figure 3.
On a few of the farms where peaches were ripening over a period of
several weeks during 1949 it was possible to obtain a number of suc-
cessive collections throughout the period. The ratio of C. capitata to D.
dorsalis on four of these farms located at different elevations is shown in
figure 4. These curves not only show that the ratio of C. capita to to D.
dorsalis increased with elevation, but also suggest that the ratio was prob-
ably higher in the spring and decreased as the season progressed.
A similar increase in the ratio of C. capitata to D. dorsalis with eleva-
tion occurred in the coffee collections (figure 5). In guavas collected
near their upper limit or range, which is seldom above 2,000 feet, C.
capitata was usually less abundant than D. dorsalis, but in a few in-
stances C. capitata predominated.
Seven collections of loquats made in the Kula area on Maui in 1950
produced an average of 81 per cent D. dorsalis and 19 per cent C. capitata.
A similar number of collections from the same area in 1951 produced an
average of 76 per cent D. dorsalis and 24 per cent C. capilala.
Over 90 per cent of the flies obtained from Jerusalem cherries col-
lected in the Volcano and Waikii areas on Hawaii were C. capitala.
o
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Figure 4. Relative abundance of C. capitata among the flies (C. capitala plus D.
dorsalis) bred from peaches collected at different elevations on Maui, June·
August, 1949. Each curve represents the percentage of C. capitata on a par·
ticular fann throughout the peach season.
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Recent reduction in infestation.
During the past two to three ycars there has been a eneral reduction
in the infestation by C. capitata.
The downward trend in infestation in peaches duri g the past three
years is dearly indicated by the data in table 4, in gu vas from higher
elevations in table 3, and in coffee in figure 2. Howeve , a large part of
the decrease was due to the decrease in infestation by D dorsalis.
Table 4. Summary of data obtained from collections of peache: on Maui in 1949.
1950.1951. and 1952.
No. mergence
No. No. of No. puparia Opius
Date coil. fruits puparia perfmit C. cap. D.dor. spp.
6/ 9·10/ 5/49 70 2.401 25.811 13.1 10.906 8,096 1,385
6/26· 7/28/50 12 578 5,594 9.7 3,525 457 552
7/23/51 J2 338 1,324 3.9 699 0 102
9/25/52 3 146 468 3.2 257 0 135
Parasitization
The status of the several parasites that attack and suc essfully develop
in C. capitata, like that of C. capitata and D. dorsalis, as changed dur-
ing the past four years (Bess et aI., 1950; van den Bosch, ~ aI., 1951. These
parasites can develop successfully in C. capitata (Clancy 1952) and they
have without doubt affected the status of both of these flies in Hawaii.
Since the maggots and puparia of C. capitata and D dorsalis are ex-
tremely difficult to distinguish apart, the adult emerg' nce data for C.
capitala, D. dorsalis and their opiine parasites were us d as a basis for
calculating parasitization of both flies together and the relative abund-
ance of the species involved.
The parasitization data obtained from the collections f various fruits
at different elevations where C. capitata occurred (tables 2, 3, and 4, and
figure 6) indicate that parasitization rose rapidly from 1949 to 1951 but
in 1952 was not appreciably different from that in 1951.
There has been considerable parasitization in both pe ches and coffee
from collections which produced D. dorsalis adults, whi h indicates that
C. capitata is being parasitized by the parasites of D. d ,·salis.
Discussion
There was a great decrease in the abundance of C. capi ata in the more
tropical area'S in Hawaii subsequent to the arival and stablishment of
D. dOl'salis in 1946. However, it is doubtful that there \ as any great re-
reduction in C. capitnta at that time in the more temp ate areas. even
though D. dorsalis became abundant in these areas dur ng the summer
and fall months. .
During the past five years C. capitata has been extr mely scarce at
lower elevations where it was once common in guavas, b It the fly is still
a pest of deciduous fruits, SUdl as peaches and persimmo s, at elevations
between 2,000 and 5,000 feet. Since the decrease in the, bundance of C.
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Figure 5. Relative abundance of C. capitata among the flies (C. capilata plus D.
dqrsalis) bred from coffee collected from three plantations at different eleva-
tions in Kona, Hawaii, August 1949 to D.ecember 1952.
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Figure 6. Parasitization of fruit flies (C. capitata plus D. dorsalis) in coffee collected
. from three plantations at different elevations in Kana. Hawaii, August 1949
to December 1952.
Vol. XV, No.1, March, 1953 231
capitata in the more tropical lowland areas occurred following ihe in-
troduction of D. dorsalis, it has been conjectured that the decrease was
due in some way to the latter ffy. There are also report that in Australia
there are localities where C. capitata was once abundant ut became scarce
or absent subsequent to the establishment of Dacus tmrneta) l1yoni
(Froggatt) in those localities.
The minimum average infestation by C. capitat in peaches for
any year between 1916 and 1924 was 13.6 Hies per fr it, and the aver-
age infestation for the period was 18.4 Hies per fruit ( illard and Bissel,
1930) . In comparison, the recent peach collections pro uced an average
of only 4.5 C. capitata adults per fruit in 1949,6.1 in 950,2.1 in 1951,
and 1.8 in 1952. These data indicate that the C. capit ta infestation in
peaches is probably less now than it was 3 to 4 de<:ades o.
The infestation by C. capitata in guavas averaged .2 Hies per fruit
for the period 1916-24, and 4.9 for 1925-33 (Willard a d Mason, 1937).
However, during the past 4 years practically no C. ca itata adults have
emerged from the hundreds of guavas collected at low r elevations, and
the average infestation for the collections made at a I elevations was
less than one C. capilala adult per 100 guavas.
There was apparently less change or reduction in nfestation by C.
capitata in coffee berries than in peaches or guavas. Th average infesta-
tion for collections from Kona, Hawaii was 0.4 Hies r berry for the
period 1916-24, and 0.1 for 1925-33 (Willard and Mason 1937).
Soon after its arrival, D. dorsalis increased to tremend us numbers and
caused widespread serious damage to fruits, but fortun tely its numbers
and infestation during 1951 and 1952 were only a fract on of what they
were in 1948 and 1949. It is still a pest in lowland are s but during the
past two years it was extremely scarce in the more temp rate areas where
it was once a pest and capilala still causes damage. Pos ibly competition
by D. dorsalis in some way caused the reduction of . capitala to in-
significant numbers in the more tropical areas soon af er the establish-
ment of D. dorsalis in 1946, but it is doubtful that the imilar, more reo
cent reduction of D. dorsalis in the more temperate reas was due to
competition by C. capitata.
The peach collections from Maui produced an av rage of 3.4 D.
dorsalis adults per fruit in 1949,0.8 in 1950, and none neither 1951 or
1952. Since most of these peaches were collected above 2, 0 feet elevation,
and not a single D. dorsalis was reared from them dur ng the past two
years, apparently this Hy has become of little or no econ mic importance
at these higher elevations in peaches, even though it sti I infests guavas,
mangoes, and other fruits at lower elevations. Furthc more, very few
adults were seen during the past two years at these igher elevations
where it was once abundant.
During the peak years of infestation by D. dorsalis i 1948 and 1949
many collections of guavas produced more than 100 a ults of this Hy
per fruit but since 1950 the infestation has averaged ess than 5 Hies
per fruit.
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The combined infestation by both C. capitata and D. dorsalis in peaches
was far less serious in 1951 and 1952 than in previous years. It also seems
likely that the infestation by both Bies in guavas during these last two
years was less than was caused by C. capitata alone from 1916 to 1933.
It is evident that C. capitflta has comprised a larger part of the popula.
tion or infestation in coffee berries during the past several months, than
it did during the earlier months of the period of study. This increase in
the ratio of C. capitata}o D. dorsalis was due to the reduced infestation
by the latter, for actually the infestation by C. capitata also declined,
especially at the 1,200 and 2,300 foot elevations in Kona.
Infestation data obtained from various fruits collected throughout the
islands indicate that D. dorsalis is better adapted to the warmer climate
at lower elevations than to the cooler climate at higher elevations, and
that C. capitata is better adapted than D. dorsalis to conditions at higher
elevations. However, as would be anticipated, the climate at 1,000 feet
elevation in one area may be cooler than at 2,000 feet in another, and
there are corresponding differences in the relative abundance of the
two Bies. These differences in the relative abundanc of D. dorsalis and
C. capitata may be related in some way to differences in the behavior
patterns of the Bies, or possibly adult food supply, rather than to direct
detrimental effects of the climatic factors themselves.
There has been considerable change in the status of the various in·
troduced parasi tes and this should be considered if a clear picture of
their activity is to be obtained. Their history may be briefly ·summarized
as follows.
Soon after its release in 1913, o.pius humilis Silvestri, increased rapidly
in abundance and within a few months parasitized as high as 90 per cent
of the larvae in coffee berries in certain localities. However, with the
subsequent establishment and build.up of Opius tryoni (Cameron) and
Opius fullawtryi (Silvestri), o. humilis became s.carce (Back and Pember-
ton 1918). Later Willard and Mason (1937)· summarized the data ob-
tained from 1914-1933 which indicate that o. humilis was the dominant
parasite of C. capitata ill coffee berries collected in Kona, Hawaii, dur-
ing 1914-1917. In 1918 o. tryoni was the dominant species, and by 1922
this second species had been surpassed by the third species, O. fullawayi,
which continued to be the dominant species from 1922 to 1929. How-
ever, from 1931 to 1933 o. tryoni was again the dominant parasite. Dur-
ing the period from 1922 to 1933 neither o. tryoni nor o. fullawayi
actually became scarce, and both species have been recovered many
times during the past 4 years. In contrast, no specimens of O. humilis
have been reared from the numerous collections of fruits made between
1949 and 1952 in conjunction with the intensive studies of D. dorsalis
parasites.
The change in status of the more recently introduced opiine parasites
of D. dorsalis and C. capitata parallels to some extent the change in
status of the parasites introduced in 1913 and 1914 to combat C. capitata.
Opius longicaudatus (Ashmead) became well established and abundant
in 1948 and 1949; by the latter part of 1949 Opius vandenboschi Full·
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away had surpassed O. longicalldatlls in abundance an in 1950 Opills
oophilus Fullaway became by far the most abundant parasite of D.
dorsalis on Oahu (Bess, et aI., 1950; van den Bosch, et aI., 1951). The
following year the latter parasite also became the dom nant species on
the outer islands.
These data show that there was not only a rapid inerea e of C. capitata
and D. dorsalis following their introduction but there wa a similar rapid
increase of the six opiine parasites following their intro uetion. Further·
more, the two flies and 6 parasites are now less abundant in Hawaii tban
they were during the first 3 years after their introduct on.
Many similar examples of rapid increase have occurr d following the
introduction of both injurious and beneficial species into ew areas where
they became successful. Clausen (1951) concluded that,' flllly effective
parasite or predator is always easily and quickly establis ed." Perhaps it
is equally true that species destined to become pests have also been easily
and quickly established.
Parasites have apparently been no more effective on . d01'salis in the
more temperate areas of the high elevations than in t e more tropical
lowland areas. The scarcity of D. dorsalis in these temper te areas is prob-
ably closely associated with its reduced abundance in t e more tropical
areas from which it spread in great numbers during the )eriod in which
it was tremendously abundant.
The reduced abundance of both D. d01'salis and C. capitata during
the past three years bas been directly related to increase parasitization.
Since the egg-larval parasite, O. oophillls, became num ous the infesta-
tion has been much lower throughout the islands than i was previously.
Furthermore the amplitude of the oscillations in infes ation has been
greatly reduced and the level of infestation has become at least for the
present stabilized at a much lower level.
Summary
Both C. capitata and D. dOl'Salis developed successfull ' together in in-
dividual fruits and the larvae of one species apparently aused no reduc-
tion in the number of adults of the other species pr duced in those
fruits.
In the more tropical lowland areas D. dOl'Salis was mor abundant than
C. capitata, and in the more temperate upland areas the tter species was
more abundant. At elevations around 500 to 1000 feet C capitata tended
to become more abundant in late winter and spring and D. dorsalis more
abundant during the fall.
The infestation by both flies during 1951 and 1952 was apparently
lower than the infestation by C. capitata alone prior to he arrival of D.
dorsalis.
Parasitization has averaged well above 50 per cent f r many months.
Furthermore, the D. dorsalis parasites appear to be atta king C. capitata
in coffee berries about as readily as they attack D. dona is. Undoubtedly
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these parasites, especially the egg·larval parasite, O. oophilus, which has
continued to parasitize a high percentage of the population at these lower
population levels, have been one of the main factors in the reduction of
the fly infestation.
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